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(54) FIELD-EFFECT TRANSISTOR AND MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field-effect 
transistor with a fine gate electrode, in which the gate 
electrode hardly falls down in a fine manufacturing step, 
while an increase in resistance of the gate electrode is 
prevented. 

SOLUTION: An Si02 film 2 as an insulating film with 
thickness of 3 to 10 nm is formed on a semiconductor 
substrate 3. A gate electrode 5 is formed on the Si02 
film 2. A source region 7s and a drain region 7d are 
formed on both lower sides of the gate electrode 5. The 
gate electrode 5 with a rectangular cross section has an 
oval pole-shaped electrode 6 buried at the center 
thereof. Since the gate electrode 5 is supported by the 
oval pole-shaped electrode 6. the gate electrode 5 
hardly falls down. 
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* NOTICES * * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The field-effect transistor which is equipped with a semi-conductor substrate, the gate 
dielectric film formed on said semi-conductor substrate, the gate electrode on said gate 
dielectric film, and the source field and drain field formed in the both sides of said gate 
electrode, and has a column-like height in the side face of said gate electrode. 
[Claim 2] The field-effect transistor according to claim 1 whose cross section of a gate 
electrode is reverse mesa structure. 

[Claim 3] A field-effect transistor according to claim 2 with the large ratio of the height of a gate 
electrode to gate length. 

[Claim 4] The manufacture approach of a field-effect transistor including the process which 
forms gate dielectric film on a semi-conductor substrate, the process which deposits a gate 
electrode material on said gate dielectric film, the process which forms the gate mask which 
prepared the height, and the process which forms a gate electrode by etching of said gate 
insulating material using said mask. 

[Claim 5] The process which forms a gate electrode is the manufacture approach of a field- 
effect transistor given in ****** 4 which makes a gate electrode material reverse mesa 
structure by isotropic etching. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the field-effect transistor constituted by the 
structure of forming a gate electrode more minutely than resolution, controlling high resistance- 
ization of a gate electrode, and preventing generating of a defect in a production process, 
[0002] 

[Description of the Prior Art] In recent years, the semiconductor integrated circuit is asked for 
high integration, improvement in the speed, and low-power-ization by high performanceHzation 
of electronic equipment including a computer. Most of these semiconductor integrated circuits 
consist of semiconductor devices called a MOS transistor. 

[0003] Hereafter, an example of the above-mentioned conventional MOS mold semiconductor 
device is explained, referring to a drawing. 

[0004] Drawing 3 (a) - (d) is the sectional view showing the production process of the 
conventional field-effect transistor. 

[0005] First, as shown in drawing 3 (a), gate oxide 1 is formed on the semi-conductor substrate 
3, and about 100-300nm of polish recons which are a gate electrode material is deposited with a 
CVD method. Next, as shown in drawing 3 (b), the resist used with lithography is applied on a 
gate electrode material, and a resist pattern 4 is formed with lithography. 
[0006] Next, a gate electrode is processed so that the cross section of a gate electrode may 
become a rectangle or a trapezoid by anisotropic etching, as shown in drawing 3 (c). Finally, as 
shown in drawing 3 (d), the resist mask which remained on the gate electrode is removed. 
[0007] 

[Problem(s) to be Solved by the Invention] However, there were the following problems with the 
above configurations. 

[0008] Since the ratio of the resist thickness to gate length is large in the lithography process 
which forms a gate electrode when especially gate length is short, the part supporting the resist 
after development will be weak, and possibility that a resist will fall will become large. Moreover, 
in case the microscopic thin gate is formed, it is most that the ratio to gate length is before and 
after one, or it is one or less, and the height of a gate electrode is restricted to gate length. For 
this reason, the cross section of a gate electrode becomes large and, as a result, gate resistance 
becomes large. Although how to enlarge the aspect ratio of a gate electrode can be considered 
in order to avoid the above-mentioned high resistanceHzation, in this case, the large gate 
electrode of an aspect ratio is difficult to manufacture, the part supporting the above-mentioned 
gate electrode is weak, and possibility that a gate electrode will fall becomes large. 
[0009] Then, this invention is set in view of the above-mentioned trouble to the field-effect 
transistor formed by carrying out gate length's thinning, and it aims at offering the field-effect 
transistor which aims at control of gate electrode resistance lifting, and improvement in the yield 
at the time of a process. 
[0010] 

[Means for Solving the Problem] The means which this invention provided in order to attain the 
above-mentioned object is having the height of the shape of at least one or more column in the 
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side face of a gate electrode. The first field-effect transistor concerning this invention has a 
column-like height in the side face of a gate electrode, and, specifically, has structure supported 
so that a gate electrode may not fall in a production process so that it may be indicated by claim 
1. 

[001 1] Since a gate electrode stops being able to fall easily, yield lowering of a transistor is 
controlled by the structure which supports the above-mentioned gate electrode by the height 
attached to the side face of a gate electrode by the configuration which described this invention 
above. Furthermore, since the configuration of the height for supporting a gate electrode 
originates in the resist mask pattern in a lithography process, and structure is included in the 
mask pattern of lithography, possibility that the resist pattern after resist development will fall in 
a lithography process falls, and its yield improves. 

[0012] Moreover, the manufacture approach of the field-efFect transistor concerning this 
invention is equipped with the process which forms the gate electrode of reverse mesa structure 
by isotropic etching so that it may be indicated by claim 4. By this approach, the gate electrode 
of gate width thinner than the resist mask thin line width of face for gate electrodes obtained at 
the lithography process will be obtained. 

[0013] High resistance-ization of a gate electrode is controlled by the configuration which 
described this invention above. Moreover, thinning of a gate electrode can be attained by forming 
a gate electrode thinner than the resolution of lithography. 
[0014] 

[Embodiment of the Invention] The structure of the field-effect transistor of one example of this 
invention is explained below, referring to a drawing. 

[0015] (Example 1) Drawing 1 is the structure perspective view showing the structure of the 
field-effect transistor in the 1 st example of this invention. On the front face of a semi- 
conductor substrate and the above-mentioned semi-conductor substrate, SiO**2 film used as a 
3 to lOnm insulator layer is formed, and the gate electrode is formed on the above-mentioned 
SiO**2 film. Moreover, the semiconductor region under gate electrode both sides is the source 
and a drain field, respectively. 

[0016] As the gate electrode has the structure where the cross section serves as a rectangle or 
a reverse mesa and the lower part of a gate electrode is shown by the part of a of .drawing 1 , it 
is 0.05-0.10 micrometers, and as shown in drawing j b, it is 0.05-0.10 micrometers in the upper 
part of a gate electrode. It is [ whether the die length of the upper part of a gate electrode is 
larger than the lower die length, and ] equal. The gate length of a gate electrode is 0.05-0.10 
micrometers, and the height of a gate electrode is 0.1-0.3 micrometers. It has structure which 
embedded the elliptic-cylinder-like gate electrode at a part for the center section of a gate 
electrode, and has the structure of preventing a gate electrode falling, by supporting a gate 
electrode with an elliptic-cylinder-like gate electrode. The width of face of the magnitude of an 
elliptic-cylinder-like gate electrode is 0.10-0.15 micrometers to the direction of gate length, and 
the width efface is 0.05-0,10 micrometers to the gate width direction. 

[0017] On the front face of the semi-conductor substrate 3. Si02 film 2 used as a 3 to lOnm 
insulator layer is formed, and the gate electrode 5 is formed on Si02 film 2. Moreover, the 
semiconductor region under gate electrode 5 both sides is 7d of source 7s and drain fields, 
respectively. 

[0018] (Example 2) Drawing 2 (a) - (d) is the sectional view showing the production process of 
the field-effect transistor in the 2nd example of this invention. 

[0019] As first shown in drawing 2 (a), the gate oxide 2 which thickness becomes from the silicon 
oxide which is 2-1 Onm is formed on the semi-conductor substrate 3, and the gate electrode 
material 1 with which thickness consists of polish recon film which is 0.1-0.3 micrometers is 
deposited. 

[0020] Next, a resist is formed as shown in drawing 2 (b). At this time, the thickness of a resist 
mask is 0.4-1 .0 micrometers. Although a lithography process is performed in case a resist 
pattern is formed, it is characterized by using the mask pattern which at least one or more 
heights 6 attach to the gate part as shown in drawjng 4 as a mask pattern used with lithography. 
The magnitude of a height is 0.10 micrometers - 0.15 micrometers to the direction of gate 
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length, and is 0.05 nnicrometers - 0.15 nnicrometers to the direction of gate width. 
[0021] Next, as shown in d rawing 2 (c), dry etching is performed and the gate electrode 5 is 
formed. An electrode is formed in reverse mesa structure using the conditions by which the 
element of the isotropic etching as conditions for dry etching was strengthened at this time. At 
this time, the gate electrode of reverse mesa structure becomes 0.03-0.05 micrometers in 0.05- 
0.10 micrometers and a lower part in the upper part. In addition, a gate electrode with which the 
cross section of a gate electrode serves as a rectangle can be formed by making the conditions 
of dry etching into anisotropic etching. 

[0022] Next, a resist is removed as shown in drawing 2 (d). Although the following processes are 
skipped, it is performing a certain ion implantation to a source drain field, forming a metal 
electrode on the above-mentioned source drain field, and forming how many layers of that metal 
wiring through an interlayer insulation film, and a semiconductor device is formed. 
[0023] Possibility that the formed gate electrode will fall according to the process which forms a 
gate electrode, or a certain subsequent process becomes low, and the field-effect transistor 
manufactured through the above process can control the yield. Moreover, an aspect ratio can be 
made high and gate resistance becomes low. Furthermore, a thinner gate electrode than the 
resolution of lithography will be obtained. 
[0024] 

[Effect of the Invention] According to this invention, the following effectiveness is acquired as 
mentioned above. 

[0025] It can control that the resist pattern in the lithography process of a detailed gate pattern 
and detailed gate length's gate electrode collapse with a support of a height as the first 
effectiveness. 

[0026] The electrode of the gate length of resolution **** of lithography can be formed by 
making it reverse mesa structure by isotropic etching as the second effectiveness. 
[0027] By making it taking a high aspect ratio to the gate electrode of gate length detailed as the 
third effectiveness, and reverse mesa structure, high resistance-ization of thin line resistance of 
a gate electrode can be controlled. 

[0028] It becomes unnecessary to form the deposition thickness at the time of gate electrode 
deposition with a thinly and sufficient precision by taking a high aspect ratio to the gate 
electrode of gate length detailed as the fourth effectiveness. 

[0029] Detailed gate length's field-effect transistor can be formed certainly and easily according 
to the above effectiveness. It is short in gate length, and if gate height is made high, the 
effectiveness by this invention will become large. 



[Translation done.] 
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♦ NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective view showing the structure of the field-effect transistor in the 1st 
operation gestalt of this invention 

[Drawing 2] The process perspective view showing the production process of the field-effect 
transistor in the 2nd operation gestalt of this invention 

[Drawing 3] The process perspective view showing the production process of the conventional 
field-effect transistor 

[Drawing 4] The top view showing the masl< pattern for lithography in the 1st operation gestalt of 
this invention 
[Description of Notations] 

1 Gate Electrode Material 

2 Gate Oxide 

3 Semi-conductor Substrate 

4 Resist Mask 

5 Gate Electrode 

6 Height 

7s Source field 
7d Drain field 
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DRAWINGS 



[Drawing 1] 



5 



6 



75 




i 



[Drawing 2] 
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[Drawing 4] 
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